The response of a neuron in the visual cortex to an oriented light bar is strongly reduced by concurrent presentation of a stimulus with a different orientation. New data suggest this 'cross-orientation suppression' is caused, not by intracortical inhibition, but by rapid depression of thalamocortical synapses. There is yet another type of suppressive effect in V1 which originates from within a cell's receptive field. The response to an optimally oriented bar or grating -the 'test stimulus' -is strongly decreased by the simultaneous presentation of a second, orthogonally oriented grating -the 'mask stimulus' -superimposed on the first (Figure 1) [11] resorted to a cunning experimental design, relying exclusively on visual stimuli to elucidate the site and mechanism of cross-orientation suppression. In the first experiment they showed that suppression occurs even with mask stimuli that drift too fast to elicit firing of cells in the visual cortex (Figure 2A) . By keeping the test grating at a constant speed of drift and varying the speed of the mask, strong suppression was induced by the mask at all speeds. Interestingly, an equivalent psychophysical effect has been observed in humans [12] -mask gratings drifting too rapidly to activate the cortex were still effective in masking the detection of a test grating. Together, these data imply that cross-orientation suppression, at least for fast mask stimuli, is unlikely to be a result of intracortical circuits.
The general assumption has always been that these suppressive effects are mediated by inhibitory circuits residing within the cortex. While this has been shown for end-inhibition [9] , direct evidence for intracortical inhibition playing a role in cross-orientation suppression is scarce [10] . One reason for the difficulty in proving the involvement of inhibition is that many of these studies have been carried out with pharmacological blockade of intracortical inhibitory transmission. The effects of such a treatment, however, have to be interpreted with care, as unwanted changes in the response behavior of cortical cells can occur.
An elegant set of experiments by Matteo Carandini and his group [11, 12] now casts doubt on the intracortical origin of cross-orientation suppression. Acknowledging that studies based on pharmacological intervention may produce ambiguous results, Freeman et al. [11] resorted to a cunning experimental design, relying exclusively on visual stimuli to elucidate the site and mechanism of cross-orientation suppression. In the first experiment they showed that suppression occurs even with mask stimuli that drift too fast to elicit firing of cells in the visual cortex (Figure 2A) . By keeping the test grating at a constant speed of drift and varying the speed of the mask, strong suppression was induced by the mask at all speeds. Interestingly, an equivalent psychophysical effect has been observed in humans [12] -mask gratings drifting too rapidly to activate the cortex were still effective in masking the detection of a test grating. Together, these data imply that cross-orientation suppression, at least for fast mask stimuli, is unlikely to be a result of intracortical circuits.
To further confirm this interpretation, Freeman et al. [11] made use of a phenomenon called visual adaptation, which is known to be present in V1 but virtually absent in LGN neurons. Adapting a cortical neuron to a grating of its preferred orientation selectively reduces its response to that grating, leaving responses of neurons responding to orthogonal orientations largely unchanged. If neurons responding to a mask stimulus -those assumed to provide cortical inhibitionwere pre-adapted, one would expect a reduction in the degree of cross-orientation suppression. This was not the case, as strong suppression of the test response was still observed ( Figure 2B ).
Taken together, these data are important because they render it unlikely that suppression of V1 neurons arises from inhibition within cortical circuitry. This leaves only earlier stages in the visual pathway, such as the LGN or thalamocortical synapses, as candidates for the generation of cross-orientation suppression. To examine this, Freeman et al. [11] recorded from LGN neurons and found them to exhibit only a limited degree of cross-orientation suppression that is unlikely to be sufficiently pronounced to explain the suppression observed in V1 neurons. Consequently, the authors propose the thalamocortical synapse as an additional, important site of suppression.
A potential mechanism for suppression, then, is synaptic depression: a rapid, use-dependent decrease in synaptic efficacy. In fact, short-term depression at thalamocortical synapses has been observed both in vitro and in vivo [13, 14] . In particular, a recent intracellular study in rat somatosensory cortex has demonstrated convincingly that thalamocortical synapses depress very rapidly, within a tenth of a second [15] . But how can depression at thalamocortical synapses lead to cross-orientation suppression? Assume a V1 neuron receives inputs from several LGN neurons. Because of the spatial arrangement of the receptive fields of the inputs, the cortical cell acquires a preference for stimuli of a particular orientation [1] . Such a neuron is driven by the optimally oriented test stimulus, but not by the orthogonally oriented mask, despite receiving synaptic input from non-oriented LGN cells that respond to both stimuli. But because depression occurs at all synapses, irrespective of stimulus orientation, concurrent presentation of test and mask stimuli leads to more synaptic depression than for either stimulus alone. This combined depression would result in reduction of the response in the V1 cell.
This concept is indeed very attractive, but it clearly requires further experimental support. First, it needs to be shown that depression is a consistent feature of thalamocortical synapses in the visual cortex, too. This has been shown in slice studies [13] , but a thorough in vivo analysis is lacking. To test whether suppression is actually based on synaptic depression, one could analyze the time course of suppression. While the onset of synaptic depression is probably too fast to be resolved, recovery from synaptic depression is slower, at least after strong activation of inputs [15] . Thus, one should expect that even several seconds after presentation of a mask grating that does not drive the neuron, its responses to test gratings are decreased. If this were indeed the case, intracortical inhibition would be convincingly excluded as a potential mechanism, as the time constants of inhibitory synaptic potentials are much faster.
The synaptic origin of suppression could be examined by exploiting the fact that depression is input specific -that is, depression occurs only at those synapses Clearly, the gold standard for a full proof of the hypothesis that cross-orientation suppression is partially due to synaptic depression would be to record intracellularly from cells in the visual cortex, a rather demanding task. But particularly when combined with silencing of all cortical firing -for example by cooling [16] -such an experiment would provide a definitive test of the idea put forward by Carandini and colleagues [11] .
